In biomonitoring great attention has been paid on the selection of the best indices and metrics, often neglecting a simple but fundamental aspect: how reliable are the sampling methodologies? We tested the efficiency of the Surber net in collecting stream macroinvertebrates by comparing two samples collected consecutively on the same plot. We found that substrate particle size and water depth and velocity significantly affected sampling efficiency, especially regarding the total taxa richness, EPT (Ephemeroptera, Plecoptera and Trichoptera) richness and density. This study therefore provides useful insights to collect stream macroinvertebrates using the Surber net under different near-bed conditions.
Introduction
Sampling effort is one of the most crucial stages of ecological studies, which affects the interpretation of the results as well as the achievements of a research project or a monitoring plan. For example, the evaluation of the ecological status of water bodies is a primary goal in river ecology. This often depends on the correct calculation of biomonitoring indices which, in turn, can be influenced by the sampling effort (Everall et al., 2017) . Data collection, therefore, can have important repercussions on the analysis, ultimately dictating management and/or restoration actions.
Benthic macroinvertebrates are one of the most studied biological groups for lotic ecosystems, often included in river biomonitoring and assemblage ecology research. In particular, macroinvertebrates have a long tradition as bioindicators for running waters, and their use in monitoring programs is growing worldwide (Flotemersch et al., 2017; Merritt et al., 2017) . Different sampling devices have been proposed to collect macroinvertebrates in lotic ecosystems based on the river typology (wadeable or not-wadeable), experimental approach (qualitative or quantitative), and cost-and time-related aspects (Hauer and Resh, 2017) . In fact, artificial substrates are usually employed in the deepest sections of rivers, where water depth does not allow safety conditions for operators. On the contrary, hand nets, like the D-or U-nets, are easier to use and widely employed on wadeable sections of rivers (Carter and Resh, 2001; Hughes and Peck, 2008) . Among these devices, the Surber net (or Surber sampler) is one of the most commonly used methods for collecting benthic invertebrates. This tool consists of a squared net (mesh size typically 250 or 500 mm) with a metal frame that delineates a relatively consistent area of the river bottom and allows the quantitative collection of benthic organisms. This latter aspect makes the Surber net the official device for macroinvertebrates sampling according to the Water Framework Directive (2000/60) in some European countries (Böhmer et al., 2004; Bo et al., 2017) .
Several studies have tested the performance of the Surber net and demonstrated that, in general, this sampling device is more efficient in collecting macroinvertebrates than others, such as Hess sampler, kick and hand nets (Storey et al., 1991; Ghani et al., 2016; Tubić et al., 2017) because it limits the accidental loss of individuals during the sampling operations.
Here we evaluated the reliability of the Surber net in collecting macroinvertebrates by comparing two consecutive samples collected on the same plot for a total of 156 different samples. Differences in the relative number of benthic taxa and individuals collected by the first sample, compared to the cumulative sample (first þ second sample), were statistically tested in relation to near-bed conditions (i.e. substrate size and water depth and velocity).
Benthic macroinvertebrates were sampled from 78 different plots within a single 130 m stream reach of the Bormida River (Northwestern Italy, latitude: 44°52 0 23.19 00 , longitude: 8°36 0 12.84 00 ) on 17 and 18 October 2016. Plots were representative of the micro-habitat heterogeneity at the reach scale and were progressively numbered from down-to upstream. At each plot, two separate Surber samples were collected (area = 0.05 m 2 ). The first one (hereafter sample A) was obtained by positioning the Surber net flush with the river bottom, with the opening against the current. By means of hands and feet benthic organisms were dislodged from the substrate within the metal frame of the net, and all the content was transferred into a labelled plastic jar and preserved with 90% ethanol. As soon as we removed the net, at the same exact location, we placed another identical Surber net to collect a second sample (hereafter sample B) following the same procedure. This operation was repeated for all the 78 plots within the river reach by the same operators, allowing the comparability among samples. Moreover, for each plot the water depth was measured using a meterstick, and substrate composition within the metal frame was visually assessed by estimating the percentage of boulders (>256 mm), cobbles (256 À 64 mm), gravel (64 À 2 mm) and fine sediment (<2 mm). Water velocity was visually classified according to one of the following categories: high (>1 m s À1 ), intermediate (1 À 0.1 m s À1 ), and low (<0.1 m s À1 ).
Samples were returned to the laboratory for sorting and systematic identification, which was performed to the lowest possible taxonomic level (i.e. species, genus, or family). A samples-per-taxa matrix was then created, and for each plot, a cumulative sample (hereafter sample C) was obtained by summing macroinvertebrates collected in the two separate samples (i.e. sample A þ sample B). Taxa accumulation curves were generated separately for the A and C samples to visually check the representativeness of the data collection and differences between the first sample only (A) and the cumulative one (C). This statistical analysis was performed with the "specaccum" function in the vegan R package (Oksanen et al., 2017) .
Five community metrics were calculated for each sample: total taxa richness, total abundance, EPT (Ephemeroptera, Plecoptera and Trichoptera) richness, EPT abundance and the Shannon index. These five metrics are routinely used in benthic ecology and are often included in several biomonitoring indices (Sánchez-Montoya et al., 2010; Bo et al., 2017 , Burgazzi et al., 2018 Doretto et al., 2018) . The proportions between the number of taxa, as well as the number of specimens collected, by sample A only and sample C were calculated. The same was done for EPT richness and abundance, while the Shannon index differences between the two samples were expressed as the arithmetical subtraction between the value of sample C and that of sample A.
Regression models were run to test for significant effects of the water velocity, depth, substrate size and their interactions on the selected community metrics. Generalized Linear Models with a binomial distribution were used for the proportion variables, while Linear Models were applied for the Shannon index. Water velocity was included as a categorical variable (i.e. three levels: high, intermediate and low), while the water depth and substrate size were included as continuous variables. For this analysis the percentages of each substrate class were used calculate the Substrate Index (SI; modified from Quinn and Hickey, 1994) according to the following formula: SI ¼ 0:08 x% boulders þ 0:065 x% cobbles þ0:045 x% gravel þ 0:03 x% fine sediment This index provides a measure of the coarseness of the substrate: it varies from 3 (100% fine sediment) to 8 (100% boulders).
Model selection was carried out according to the AIC criterion and the significance of each variable, including their interactions, was tested by the "aov" function. All the statistical analyses were carried out with the software R (R Core Team, 2017).
A total of 49 318 invertebrates, belonging to 50 taxa were collected. On average, we found that the first sample (A) accounted for the 89 and 74% of the total taxa richness and total abundance, respectively, obtained by pooling together the two samples collected on the same plot. Similar percentages were also observed for the EPT richness and abundance: 87 and 79% respectively. On the contrary, the arithmetical difference in the Shannon index between the A and C samples ranged between À0.23 and þ0.51.
Taxa accumulation curves showed very similar trends between the A and C samples, but the total taxa richness obtained exclusively by the first Surber sample (A) was 46 out of 50 ( Fig. 1) . Interestingly, four benthic taxa, Lymnaeidae, Serratella ignita, Philopotamus sp. and Calopteryx sp., were missed by the first Surber sample and found only in the second sample. These taxa were represented by only one individual in this study.
When looking at the variation of the assemblage metrics in relation to the flow and substrate conditions, we found significant results for the taxa richness, EPT richness, and the EPT abundance (see below), while no statistical differences were observed for the total abundance of macroinvertebrates and Shannon index.
A significant effect of the interaction between the substrate size and water velocity was observed on the taxa richness (P = 0.015; proportion of deviance explained = 13%). The proportion of taxa collected by the first Surber sample (A) significantly increased with the increase of the substrate size when the water velocity was high, whereas the opposite trend was found at low water velocity ( Fig. 2A) . On the contrary, the proportion of taxa collected by the sample A in comparison to the cumulative sample (C) did not vary with the substrate size under intermediate values of water velocity ( Fig. 2A) .
A significant effect of the interaction between water depth and velocity was found for EPT richness (P = 0.003; proportion of deviance explained = 17.4%). The proportion of EPT taxa collected by the first Surber sample slowly and markedly decreased with substrate size under high and low water velocity conditions, respectively (Fig. 2B ). No significant variation in the proportion of EPT taxa was observed for intermediate values of water velocity (Fig. 2B) .
The EPT abundance was significantly affected only by water velocity (P = 0.034; proportion of deviance explained = 12.5%). The proportion of EPT invertebrates collected by sample A was significantly lower at low water velocity compared to intermediate or high conditions (Fig. 2C) .
Finally, no significant effects of near-bed variables on the total abundance and Shannon index were found. However, the proportion of benthic individuals slightly increased along with water depth, while arithmetical differences in the Shannon index in relation to the substrate size were more pronounced at high water velocity.
Although the performance of the Surber net has already been evaluated in published studies, the majority of these compared its efficiency in relationship to other sampling techniques (Storey et al., 1991; Stark 1993; Ghani et al., 2016; Tubić et al., 2017) . Here, the efficiency of the Surber net in collecting stream macroinvertebrates was tested by comparing two consecutive samples collected on the same plot, as done by some authors for other sampling devices (Bradley and Ormerod, 2002) .
In general, our results confirm that the Surber net is a reliable and efficient device: the first Surber sample was able to collect between 74-89% of the benthic taxa, essentially providing the same amount of information that was obtained by doubling the sampling effort (i.e. cumulative sample). These findings could be of direct practical interest, especially when time and cost-related aspects motivate the choice of sampling methods. However, four benthic taxa, represented by only one individual, were obtained only in the second sample, and this is important information for species inventories (Storey et al., 1991) , although it may be context-dependent. Further studies with more replicates are needed. Similar results were found by Li et al. (2001) in Oregon streams where taxa accumulation curves did not reach an asymptote even after 50-60 Surber samples due to rare taxa. Overall, these findings stress the sensitivity of less abundant taxa to sampling effort.
We found that near-bed conditions at the microhabitat scale strongly affected the efficiency of the Surber sampler. In particular, water velocity, alone or in combination with substrate and depth, significantly affected the number of macroinvertebrate taxa and/or specimens collected, acting as a crucial variable during sampling procedures. As expected, water velocity proportionally facilitates the collection of macroinvertebrates by enhancing their removal from the substrate, although substrate size and depth can interfere with this process.
Therefore, this study provides useful insight for sampling stream macroinvertebrates using the Surber net, especially when data are collected for river biomonitoring and biodiversity assessments, as pointed out by other authors (Stark, 1993; Everall et al., 2017) . Because multihabitat sampling methods often use substrate composition and flow conditions to allocate different replicates at the reach scale (Bo et al., 2017) , our findings provide evidence on the efficiency of the Surber net in collecting macroinvertebrates under different flow and substrate conditions.
